Introduction.
A sandwich composite material results from the bonded assembly (or welding) of two thin skins typically made of materials having good characteristics in tension (high strength and high Young's modulus) and a much thicker core with low density possessing good compression properties [1] . The obtained sandwich structures combine lightness and stiffness. In the case of bending, the stiffness and resistance increase quickly with the structure thickness. Since only the external layers are taking most of the imposed loads on the structure, considerable benefit can be obtained by replacing the inner part (i.e., between the outside layers) with a very light core to obtain a sandwich material.
Sandwich structures are known to possess good resistance to weight ratios compared to conventional materials. However, these structures can present complicated failure mechanisms [2] [3] [4] . Although qualitatively it is well known from the classical work of Allen [5] that compressed sandwich panels sometimes fail by a combination of overall (Euler) buckling and local buckling (wrinkling) of face plates, it is only recently that this has been formulated in a geometrically non-linear framework. The interaction can lead to extremely unstable localized buckling which is highly sensitive to initial imperfections in the geometry [6] . Triantafillou and Gibson [7, 8] studied the various modes of degradations of a sandwich subjected to bending and classified them as follow:
-plastic deformation of the skin; -buckling of the skin in compression (or wrinkling); -rupture in shear, tension or compression of the foam; -indentation of the foam by the upper roller; -rupture of the interface core/skin.
It is shown in the literature that the greater proportion of sandwich panels tested to failure tend to fail when the face plate comes apart from the core surface [9] [10] [11] . This type of delamination was also noticed by Wadee and Blackmore [12] .
In the last decade, sandwich structures have appeared as ideal candidates in mechanical applications where weight saving is of paramount importance to ensure a maximum effectiveness. It is undoubtedly in the fields of launchers, shuttles and satellites that the problem of weight saving is most crucial. For example, each kilogram saved on the launcher represents for ARIANE E.S.A. (EUR) rocket a profit of 30,000 US dollars in payload [13] . The first industrial interest in sandwich composites occurred at the Second World War and during the late 1940's, when the use of sandwich materials (laminated with a balsa core) as structural elements for the 'Mosquito' aircraft [14, 15] was first investigated in Great Britain. Since then, the development of core materials continued in an effort to reduce the weight of the sandwich laminates. The late 1940's saw the arrival of honeycomb core materials, developed mainly for aerospace industry. Honeycomb cores currently offer the greatest shear strength and stiffness to weight ratios; but require care in ensuring a strong bond to the skin. The core materials have been produced in various forms and developed for a range of applications, generally using the hexagonal cell shape for an optimal effectiveness. The high cost of the cores in honeycomb limited their application mainly to aerospace industry. The late 1950's and early 1960's saw the arrival of the polyvinyl chloride (PVC) and polyurethane (PURE) core materials generally employed today in low and medium cost applications [15] . PVC found widespread applications: in medium and high velocity ocean liners [16, 17] , in freezer trucks [18] and in numerous sandwich structures for civil and military applications. However, effective exploitation of these cores require proper understanding of their mechanical behavior and properties. For marine applications, the sandwich structures are often used in hulls where high local stiffness exists to maintain the structural integrity and hydrodynamic effectiveness. In the late 1960's sandwich techniques were applied in minesweepers of the Swedish Royal Navy such as the 'Vikste'. Sandwich structures have been used mainly because of their nonmagnetic properties and their resistance to underwater explosions [19] . Several researchers have indicated the insufficient reliability of the available standard procedures used to characterize foam core materials, even for the basic properties such as shear strength and elasticity modulus [20, 21] . Moreover, very little is known about the behavior of foam core under impact loading, particularly significant for applications in mine countermeasure vessels and surface effect ships. Only fracture mechanics was applied to the core [22] Because of the critical applications of composite sandwich materials, understanding of damage mechanisms and the prediction of the fatigue life in service are of particular interest. Due to their constitution, the mechanical properties of these materials can be adapted by using various materials for the skins (identical or not) and the core, and acting on the thickness of each phase. Accordingly, our contribution consists of an experimental investigation of composite sandwich materials behavior and the damage modes under three-point bending tests, both in static and fatigue. The material investigated consists of two cores of expanded PVC foam, of the same composition and of different densities; the skins being a cross-ply laminate glass/epoxy. This type of sandwich material, which combines good mechanical properties at a relatively low cost, is particularly adapted to a wide range of industrial applications. Our analysis is within an industrial context for which the means of characterization and analysis of materials may be easily implemented.
1. Materials and Experimental Technique. 1.1. Materials. Two types of sandwich materials with different kinds of cores were investigated. The skins were cross-ply laminates ( ) 0 90 2 2 s consisting of unidirectional glass fibre fabric with a surface density of 300 g/m 2 and epoxy resin SR 1500/SD whose principal characteristics are given in [25] . This lay-up's stacking sequence is chosen for this work since it was found to have strong fatigue resistance compared to other stacking sequences investigated by the author [26, 27] . Two similar types of PVC foam of different density were used. Herex C70 55 and
